A simple and rapid in situ preconcentration method for the determination of fluoride ion in environmental water has been developed based on solid-phase extraction using a zirconium-loaded Sep-Pak Accell CM (Zr-SP). The adsorption of fluoride ion and its desorption depend only on the pH of solution. A water sample (pH 2) containing fluoride ion was passed through a Zr-SP to collect it. The retained fluoride ion was quantitatively eluted with 0.1 M sodium hydroxide solution. The established preconcentration method was successfully applied to environmental water such as brackish water, river water and rain water.
developed the preconcentration methods for iron(II), phosphate, and arsenic(III) and (V) in environmental waters based on a solid-phase extraction technique. [13] [14] [15] In these methods, the chemical species to be determined was successfully retained and kept in a small column cartridge for easy carriage, and long, stable storage and preservation of samples.
In this paper, we have proposed an easy and rapid in situ preconcentration method for the determination of fluoride in environmental waters based on a solid-phase extraction method using a zirconium-loaded Sep-Pak Plus CM cartridge (Zr-SP). In this method, water samples were taken into a graduated syringe to prevent the samples from contaminations and to perform all operations of the preconcentration procedure easily without any instrument at sampling sites for field works. The preconcentration operation can be done smoothly even on a small sampling boat immediately after sample collection, and then the Zr-SP retaining fluoride are brought back to a laboratory for the elution and the spectrophotometric determination improved for measuring trace amounts of fluoride in water.
[16] By the present method, the samples make stable and the sample size smaller (from voluminous water samples to the cartridges) for the sake of easy carriage and storage of samples in field works. The established method was successfully applied to environmental waters. 
Determinations of fluoride and zirconium
Fluoride in solution was determined spectrophotometrically as lanthanum-alizarine complexon, using a commercially available reagent, Alfuson, with a 5-cm glass cell.
[16] Zirconium in solution was determined with chelatometric titration using a EDTA standard solution.
Preparation of zirconium-loaded Sep-Pak cartridge
Prior to use, a Sep-Pak Accell Plus CM cartridge (Sep-Pak cartridge) was rinsed successively with 5 ml of water, 5 ml of 2 M sodium chloride solution, 50 ml of water, 5 ml of 0.25 M hydrochloric acid solution, and 50 ml of water. A 50 ml of 0.1 M zirconium solution was pumped through a rinsed Sep-Pak cartridge at a flow rate of 4ml/min to load zirconium on the Sep-Pak cartridge, and it was washed with 30 ml of water. Then, 40 ml of 1 M sodium hydroxide solution was passed through it at the flow rate of 25ml/min, followed by washing with 50 ml of water. Finally 10 ml of 0.25 M hydrochloric acid solution and 50 ml of water were successively passed through the Sep-Pak cartridge. The amount of zirconium loaded on the cation exchange sorbent of the Sep-Pak cartridge was ca. 50 mg Zr/g (ca. 18 mg Zr/cartridge). The prepared Zr-SP had been plugged with small rubber caps at both ends to prevent dryness inside until use.
Procedure for adsorption and desorption of fluoride
Fluoride solution, 50 mL, adjusted to pH 2 with dilute hydrochloric acid and dilute sodium hydroxide solution was passed through a Zr-SP at given flow rates. The fluoride adsorbed on the Zr-SP was eluted with sodium hydroxide solution. Fluoride in the eluate was determined spectrophotometrically after neutralization. In the experiments for obtaining optimum conditions, a peristaltic pump was used to pass sample solutions and eluents through a Sep-Pak cartridge and a Zr-SP at a constant flow rate. On the other hands, in field works a 50 mL-graduated syringe was used for the collection and elution of fluoride to make these operations simple and easy by hand in a short time. to be stable for at least 80 days.
Effect of diverse ions
For the application of the proposed method to saline waters such as brackish and sea waters besides fresh water, the influence of salinity on the recovery of fluoride was examined using artificial sea water and its dilute solutions (salinity 5-34). The artificial sea water (salinity 34) contains Na+, Mg+, Cl-, and SO42-at concentrations of much higher than 1 g/L, and Ca2+, K+, and HCO3-at about 0.1 g/L, which are universally 
